Acute exposure to particles in urban air has been found to be associated with adverse health effects. It has been suggested that the particle number concentration of ultrafine particles (<0.1 µm in diameter) may be more relevant to the observed health effects than the particle mass concentration. In this study, (ultrafine) particle numbers and PM 2.5 mass (<2.5 µm in diameter) concentrations were measured in different micro-environments and during different activities. There was a considerable variation of particle concentration depending on the location of the measurement and the nearby particle-generating activity. The highest concentrations of particle numbers were found to be due to traffic, but most importantly cooking. The highest concentration of PM 2.5 mass was due to passive cigarette smoke. These data will be used to develop a model to estimate personal exposure to particle numbers and PM 2.5 mass concentration.
INTRODUCTION
Epidemiological studies have shown a relationship between exposure to outdoor particulate air pollution and acute cardiorespiratory events (Dockery and Pope, 1994; Pope et al., 1991; Pope and Dockery, 1992; Schwartz et al., 1993) . It has been suggested that the particle number concentration of ultrafine particles (<0.1 µm in diameter) may be more relevant to the observed acute health effects than their mass (Seaton et al., 1995) . Since individuals spend onlỹ 10% of their time outdoors, a proportion of the total exposure of individuals is likely to occur elsewhere. As part of a study to estimate personal exposure to particle numbers (for which there are very limited data available) and PM 2.5 , we performed real-time monitoring in a number of micro-environments and during different activities.
MATERIALS AND METHODS
Particle number concentration was measured with a TSI PTrak Ultrafine Particle Counter Model 8525. This instrument provides a unique opportunity to measure particle numbers while moving around (i.e. in traffic), as previously an immobile instrument had to be used. The PTrak counts particles in the size range 20 to >1000 nm. An approximation to the mass of fine particles (PM 2.5 ) was also made using a TSI DustTrak Aerosol Monitor Model 8520. Preliminary data on the comparison with gravimetrical analyses show that the DustTrak overestimates concentrations by a factor of ~3. The DustTrak measures PM 2.5 in micrograms per metre cube in the size range 100-2500 nm. Measurements for particle number concentration and PM 2.5 were recorded in different micro-environments and during different activities (Table 1) . Measurements were recorded for 1 yr from September 2000. All measurements were taken in Aberdeen.
From October 2000 to March 2001 we measured particle number concentration and PM 2.5 concentration continuously at a fixed site in the city centre of Aberdeen. The ultrafine particle concentration was measured with a TSI 3934 Scanning Mobility Particle Sizer (SMPS), which measures particles in the size range 10-500 nm. PM 2.5 concentrations were measured with a DustTrak.
RESULTS
The concentration of both particle numbers and PM 2.5 varied considerably depending on the location of the individual and the nearby particle-generating activity (Fig. 1) . The relative contribution of both the Downloaded from https://academic.oup.com/annweh/article-abstract/46/suppl_1/412/317688 by guest on 27 January 2019
Exposure to ultrafine particles and PM 2.5 413 particle metrics is different for different activities and/or micro-environments. In Figs 2 and 3 the median concentration and the 25th and 75th percentiles (left and right boundary of the box plots) are presented for the measurements of particle number concentration and PM 2.5 mass concentration, respectively. Cooking and traffic resulted in the highest exposures to particle numbers whereas smoking was clearly most important for exposure to PM 2.5 . Even the 1 h average concentration after a cigarette had been lit in a room with the window open resulted in a higher concentration than exposure to particle numbers during the actual cooking period. Compared with indoor concentration, exposure in traffic seemed to be more important for particle numbers than for PM 2.5 (Figs 2 and 3) .
The correlation between daily outdoor particle number concentrations and outdoor PM 2.5 was statistically significant (P < 0.001). However, the correlation between the two particle metrics for individual exposure can vary considerably. For example, there was no correlation between the two metrics when water was boiled on a gas cooker since this results in a rise in particle numbers but no detectable rise in PM 2.5 . The strongest correlation was found when an individual was exposed to smoke from cigarettes (data not shown).
DISCUSSION
For particle numbers, there is a high variability of exposure during cooking. This is very likely to be due to the difference in exposure to particle numbers between the use of gas and electricity in cooking, as we have shown before (Dennekamp et al., 2001) . The relatively high exposure to PM 2.5 in a restaurant is probably due to exposure to cigarette smoke. PM 2.5 exposure in a landrover was higher than in a car or bus. The reason for this may be that the landrover used in these experiments was old (the doors were not completely sealed), and therefore it was easy for the larger airborne particles to penetrate into the vehicle.
CONCLUSION
Exposure of an individual to ultrafine particle numbers and PM 2.5 can vary considerably over 24 h, depending on the individual's micro-environment and the sources of particles present. The highest exposure to particle number concentration occurred during cooking. For PM 2.5 the exposure to the highest concentration occurred while exposed to cigarette smoke. 
